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Have you seen this movie? The popular quarterback of the varsity football team walks into his high school cafeteria. Two heads turn in his direction: a girl from French class flashes a smile, while the boy next to her scowls with jealousy. Such sexually dimorphic social responses are observed in humans, as well as many other animals. In mice, males and females display opposing aggression or sexual behaviors to a foreign male. These sex-specific responses occur in littermates with the same genetic background and environmental experience, and are evoked by the identical sensory stimulus, suggesting that sex-dependent neural processing is involved. A new paper in Cell [1] from Cindy Yang, Nirao Shah and colleagues explores the anatomy and function of a neuron class that mediates sex-specific behaviors.
Sexually dimorphic behaviors in mice are largely controlled by brain nuclei located in the hypothalamus, amygdala, and other regions of the limbic system [2, 3] . One nucleus, termed the 'ventromedial hypothalamus' (VMH), is critical for sexually dimorphic behaviors [4, 5] , as well as survival behaviors, such as feeding and predator defense [6, 7] .
In female mice, VMH lesions abolish sexual behavior while VMH stimulation induces lordosis [5, 8] , a stereotyped mating posture displayed by sexually receptive females. In males, however, VMH lesions abolish aggression behavior, and electrical stimulation of the ventrolateral portion of the VMH induces rapid attack behavior towards male intruders, female mates and even inanimate objects [4, 9] . Thus, the VMH functions in a sex-specific manner to gate display of different instinctive behaviors. Parallel processing streams within the VMH have been proposed to mediate specific responses [10] , although the precise neuron types involved remain undetermined.
The VMH and other sexually dimorphic nuclei are shaped during development by sex hormones [2] . Canonical sex hormone signaling involves nuclear hormone receptors that activate intracellular signaling pathways and gene expression programs. Estrogen, androgen, and progesterone receptors are expressed throughout the limbic system of both males and females [2] , and knockout of sex hormone receptors globally or specifically in the brain alters sexual behavior [11] [12] [13] . Sex hormone signaling changes neuron number, morphology, connectivity, hormone and neurotransmitter responsiveness and gene expression [2] . However, specific alterations required for different sex-specific behaviors have so far been unknown.
Neuronal effects of sex hormones occur in two distinct phases: first, during a perinatal critical period, sex hormones 'organize' the architecture of neural circuits; and second, during adulthood, sex hormones 'activate' acute behavioral and endocrine responses [2] . Organizational effects of sex hormones are primarily observed in males; the default state -an absence of sex hormone signaling in the perinatal brain -permits the development of female behaviors [2] . A testosterone surge occurs around birth in males, but not females, and testosterone is locally converted into estradiol by the enzyme aromatase [14] . Perhaps counterintuitively, estradiol functions as the organizing signal in the perinatal male brain for development of male behaviors and suppression of female behaviors [2, 15] . Maternal estrogens circulate at low levels in newborn rodents, but are prevented from accessing the female brain during the perinatal critical period by binding to plasma a-fetoprotein [16] . In the adult, expression of sex-specific behaviors is acutely regulated by androgens and estrogens, but earlier effects of sex hormone signaling constrain what behaviors may be displayed in adulthood.
Love, War and Progesterone Another sex hormone, progesterone, contributes to patterning of male and female behaviors, but mechanisms involved are poorly understood. The progesterone receptor is expressed in limbic centers of the brain, including the VMH, and is under transcriptional control of estrogen receptors, with some sexual dimorphisms reported [17] . Progesterone receptor knock-out eliminates lordosis behavior and preovulatory gonadotropin surges in females [13] , while effects of the knock-out in males are debated [17] . The new study by Yang and colleagues [1] uses a genetic strategy to visualize and manipulate progesterone receptor-expressing neurons. The authors generate knock-in mice in which progesterone receptor is co-expressed with b-galactosidase for neuron visualization or Cre-recombinase for neuron tracing and ablation. Using these mice, the authors demonstrate that progesterone receptor-expressing neurons have sex-specific locations, projections, and functions.
First, the authors characterize progesterone receptor expression throughout the brain, and identify sexually dimorphic production in several limbic regions [1] . Then, they focus on the connectivity of progesterone receptor-expressing neurons in the VMH, given its important role in sexually dimorphic behaviors. Progesterone receptor-expressing VMH neurons exhibit sex-independent projections to brain nuclei within the hypothalamus (preoptic area) and the periaqueductal gray -a structure that relays information to downstream brainstem and motor circuits for movement coordination during aggression and lordosis [8, 9] . In addition, strikingly dense projections to the anteroventral periventricular nucleus (AVPV) are observed in females but not males (Figure 1) . The AVPV is a key regulator of the hypothalamic-pituitary-gonadal axis involved in ovulation and estrous cycle control, and perhaps this sex-specific arborization underlies a sexually dimorphic endocrine response.
Finally, Yang and colleagues [1] ablate progesterone receptor-expressing neurons in the VMH. This manipulation does not disturb feeding, maternal behavior, or estrous cyclicity, but specifically impairs sexual behavior: in females it leads to decreased lordosis and female receptivity, while in males decreased mounting and intromission are seen. Furthermore, these males are also less aggressive when encountering other males. These findings indicate that progesterone receptor-expressing VMH neurons mediate specific aspects of sex-typical behaviors, consistent with the notion that sexually dimorphic behaviors are under modular neural control [18] . The surprising role for these neurons in male sexual behavior is consistent with recent observations from chronic electrophysiological recordings in the ventrolateral VMH of behaving male mice, indicating that many neurons in this nucleus are activated during male aggression, but that some are activated during early stages of a female encounter [4] .
How does the VMH simultaneously gate male aggression, male sexual drive, and female lordosis? One exciting implication of this work is Progesterone receptor-expressing neurons in the ventrolateral ventromedial hypothalamus (VMH) display sex-specific differences in number, connectivity, and function. The location of the ventrolateral VMH in a coronal brain section is depicted by the red box. Female mice have more progesterone receptor-expressing neurons in the VMH, as visualized by colorimetric staining for b-galactosidase in knock-in mice. Progesterone-receptor expressing VMH neurons send dense projections to the anteroventral periventricular nucleus (AVPV) in females but not males, while sex-independent projections are observed in other brain regions (PAG, periaqueductal gray; POA, preoptic area). Ablating these neurons impairs sexual behavior in both males and females, and aggression in males. Images are adapted from Yang and colleagues [1] .
that the same group of neurons, defined by progesterone receptor expression and accounting for w50% of the ventrolateral VMH neurons (w2000 cells), mediates different behaviors in males and females. It is possible that there are further subdivisions of progesterone receptor-expressing VMH neurons, with males and females having different, autonomously defined neuron repertoires, each of which orchestrates specific downstream actions. Alternatively, progesterone receptor-expressing VMH neurons may be commonly derived in males and females, with sex hormones modifying their function and architecture to govern sex-specific neural programs. Importantly, this work provides a foundation for future mechanistic studies to probe the cellular effects of sex hormones in regulating aggression and lordosis. How does sex hormone signaling control cell proliferation or death, leading to regional sex differences in neuron number, and how does it guide neurite extension or retraction to generate sex-specific arborizations? Likely models involve signaling crosstalk between sex hormone receptors and pathways controlling axon guidance, neurogenesis, and apoptosis. Are functional interactions with downstream effector circuits sex-dependent, even if projections en masse to the periaqueductal gray appear identical in gross morphology? Finally, how are sensory inputs routed appropriately to the VMH? In mouse, the VMH receives major ascending inputs from the medial amygdala, another sexually dimorphic nucleus which is activated by olfactory cues [10] . In the male medial amygdala, female odors activate inhibitory Lhx6-expressing neurons, while predator odors activate excitatory neurons, and both neural populations innervate the ventrolateral VMH [10] . It is unclear whether these medial amygdala populations form synaptic connections with progesterone receptor neurons in the ventrolateral VMH, or how the VMH receives input from male pheromones that induce aggression, attraction, or lordosis.
Mammals have evolved divergent mechanisms to regulate neural circuits with extrinsic factors. Other behavior-modulating signals include pregnancy hormones that instruct neural circuits underlying parental behavior [19] , and satiety hormones that modify feeding behavior [20] . Sex and state-dependent behaviors provide powerful and highly controllable systems for studying dynamic neural circuit modulation and the molecular underpinnings of behavior. Intracellular transport of motor-driven cargo faces the navigational challenges of a dense, intersecting cytoskeleton and obstacles including organelles. A new study investigates why directed early endosome trafficking is so frequently interrupted, and how pauses play a role in cargo sorting.
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In vitro single-molecule studies show that the molecular motors dynein and kinesin can move continuously on their microtubule track at a constant speed with little or no interruptions, leaving one with the impression that these motors should have little problem navigating from point A to point B. This
